Summary.-Whole body X-irradiation (400 rad) of C57BL mice, either before or after i.m. implantation of the syngeneic fibrosarcoma, FS6, influenced both the growth of the tumours and their cellular composition, particularly their macrophage content. Pre-irradiation resulted in slower initial growth of tumours, and a concomitant lack of host -cell infiltration, but when tumours began to grow at a rate parallel to controls infiltration by host cells was demonstrable. Similarly, irradiation of the tumourbearing host resulted in a temporary cessation of growth, and a decrease in the macrophage content, which did not return to control levels for 2-3 weeks after irradiation. (Evans, 1972) . Moreover, for a given tumour, the level was also shown to be relatively constant, both during the growth of the tumour and when it was transplanted to a syngeneic recipient.
HUMAN and transplantable animal tumours have been shown to contain a variety of host cells such as macrophages, lymphocytes and " null " cells, amongst the neoplastic cells (Birbeck and Carter, 1972;  Eccles and Alexander, 1974;  Evans, 1972; Gauci and Alexander, 1975; Haskill, Yamamura and Radov, 1975; Mansell et al., 1975; Russell, Doe and Cockrane, 1976; Szymaniec and James, 1976; van Loveren and den  Wood, Gillespie and Barth, 1975) . The reason for their presence, and the mechanism attracting them to the tumour, are not clear. Macrophages appear to have a special relationship with tumours and, depending on the nature of the tumour, they have been shown to occur in varying proportions (Evans, 1972) . Moreover, for a given tumour, the level was also shown to be relatively constant, both during the growth of the tumour and when it was transplanted to a syngeneic recipient.
In an attempt to further our understanding of the mechanisms which affect tumour growth and the cellular composition of the tumour, mice were exposed to whole-body irradiation either before the C57BL fibrosarcoma, FS6, was implanted, or after the tumour had been growing for several days.
MATERIALS AND METHODS
Mice.-Eight 10-week-old male C57BL mice, weighing 18-24 g, were used for growth of the syngeneic FS6 tumour, which was benzpyrene-induced in 1969 and maintained by regular passage in syngeneic mice by injecting cells into the musculature of the right hind leg. This tumour is highly immunogenic, as shown either by concomitant immunity techniques or by rejection of large numbers of challenge tumour cells after surgical excision of the primary tumour.
Tumnour.-Cell suspensions from intramuscular FS6 tumours were prepared by a modification of the technique fully described elsewhere (Evans, 1972) . Trypsin was omitted from the enzyme solution and the percentage of collagenase was increased to 0 2%. Deoxyribonuclease (Sigma) Identification and estimation of cell types (a) Fc-receptor-bearing cells.-Tumour cell suspensions (2 ml containing 2 x 106 per ml) were mixed with 1 ml of EA (108). The mixed cell suspensions were gently agitated at room temperature by means of a bar magnet and an automatic stirring device (approximately 80 rev/min). This prevented adhesion of macrophages and PMNs to the vessel, and allowed maximum rosetting/ phagocytosis in suspension to occur. The number of cells with associated EA was estimated in a haemocytometer. Under these conditions phagocytosis in suspension was clearly visible. The optimal time of agitation was 10 min, after which the percentage of cells with associated EA did not increase. This technique was used as an initial guide to the expected number of macrophages, estimated below.
(b) Macrophages.-The basic techniques outlined previously were used, with some improvements (Evans, 1972) . The stages in identification of the macrophages were as follows:
(i) The total number of quickly spreading cells in the haemocytometer was assessed under phase-contrast microscopy.
(ii) A given number of cells (2 x 106) was then seeded into 3-5-cm plastic culture dishes, incubated for 1 h, gently rinsed and then fixed with methanol and stained with Giemsa. (Henson, 1969; Messner and Jellinek, 1970; Zipursky and Brown, 1974) , under present conditions they did not form stable EA rosettes, either in suspension or after they had adhered in culture. They were identified by nuclear morphology and were counted on the culture dishes prepared in (ii) above. They adhered rapidly in the haemocytometer and also in culture dishes.
In the text, macrophage and PMN percentages refer to the number of cells identified as such in the culture dishes, in relation to total cell input.
(d) Neoplastic cells.-These were identified by phase contrast microscopy, and seen to be usually large cells, highly refractile and frequently with prominent nucleoli.
(e) 0-positive lymphocytes.-These were separated as described below, and were identified by incubating 0.1 ml of cells (106/ml) with dilutions of AKR anti-C3H serum (Searle Laboratories) at 370C for 30 min, followed by centrifugation and resuspension in a 1/15 dilution of guinea-pig serum, as a source of complement. X-irradiation.-Mice were housed in individual restraining chambers and irradiated (400 rad) with a 220 kV Marconi X-ray machine, at a dose rate of 85 rad/min at a height of 54 cm and without a filter.
RESULTS
The effect of X-irradiation on tumour growth Fig. 1 shows a typical result when 106 cells from an enzyme-dispersed FS6 fibrosarcoma were implanted i.m. into control or X-irradiated C57BL mice. The characteristic feature of all the experiments was that in X-irradiated mice the tumours became palpable 3-7 days later than control tumours, and the mice lived at least 7 days longer.
Histology
Figs 2(a) and 2(b) compare the histological appearance of the FS6 tumour 7 days after i.m. implantation into control and X-irradiated mice respectively. The control tumours showed infiltration of mononuclear cells, while in X-irradiated mice the tumours, which were barely palpable at this time, showed a lack of .AMNmk. Fig. 3(a) ). Electron microscopy of sectioned adherent cells showed the presence of typical PMN granules (Fig. 3(b) ). Fig. 3(c) shows the typical ultrastructure of a macrophage for comparison. It should be stressed that neither category of PMNs formed stable rosettes with EA in these experiments (see Fig. 3(a) ). Metamyelocytes were rarely seen in control FS6 tumours.
Cellular composition
The levels of 0-positive lymphocytes in Table I were assessed on fractions obtained from the cell separator, and results are expressed as a percentage of the total cell population. It is seen that they formed only a small contribution to the total cell yield. Table II The effect of X-irradiation on growth and cellular composition of established tumours Tumours were allowed to grow i.m. for 7 days, after which mice were given whole-body irradiation (400 rad). after which the tumours began to increase in size. Control tumour-bearers were killed on Day 26, when tumour diameters were about 24-2-8 cm, whereas tumours in X-irradiated mice did not reach this size until about Day 40.
Macrophage and PMN content
The macrophage content of the tumours (Fig. 5 ) remained fairly constant for up to 5 days after irradiation, at which time the level was somewhat lower than controls. Thereafter it fell to a low level (10-20%) for about 12 days and then began to increase to reach a maximum level, as seen in control tumours, by 27 days after X-irradiation (34 days after tumour implantation). The PMN content was seen to increase above controls (5-12%) reaching a level of 16-19% by 12 days after irradiation. At least 60% Response of X-irradiated mice to SRBC To assess further the immune status of mice after X-irradiation, the number of plaque-forming cells per spleen was estimated 5 days after injection of SRBC. Table III indicates that X-irradiation (Sidky and Auerbach, 1975) and tumour homogenates have been shown to contain TAF (Phillips, Steward and Kumar, 1976) . Irradiation of tumour grafts (5000 rad) prior to implantation into chick chorioallantoic membranes, or intracorneally into rabbits, did not abrogate the ability of the grafts to induce vascularization , indicating that either the material was free in the extracellular fluid, or a highly resistant cell type was involved in the process of angiogenesis. As previously reported, macrophages retain morphological and functional integrity after 5 64 exposure to 5000 rad (Den Otter, Evans and Alexander, 1974) and tumour macrophages have been reported to produce a growth-stimulatory factor in vitro (Evans, 1976) . Whether the slower growth rate seen after irradiation of the tumourbearing host was due to a direct effect on neoplastic cells, i.e. mitotic or interphase death or transient growth inhibition, or whether the lack of infiltration of macrophages was partly responsible, requires further investigation. The mechanism that determines the types of host cells infiltrating a tumour, or that controls the level of infiltration, remains unclear. It has been reported that the level of macrophages is related to the immunogenicity of the tumour, such that highly immunogenic tumours have a high macrophage content, those of low immunogenicity having a low macrophage content (Eccles and Alexander, 1974) . In the same report it was shown that depletion of T cells by whole-body irradiation or thoracic-duct drainage of tumourbearing rats resulted in a decline in macrophage content. The present study confirmed that irradiation resulted in a reduced macrophage content. However, while the irradiated mice were obviously unable to respond immunologically to either FS6 fibrosarcoma cells or SRBC until 2-3 weeks after irradiation, the changes in the macrophage content paralleled the expected rate of recovery of bone marrow and other haemopoietic tissues (Volkman and Collins, 1968) . However, as recently demonstrated (Eccles, Bandlow and Alexander, 1976) there is an interrelationship between blood monocyte and tumour macrophage levels and the immunogenicity of the tumour, implying that the level of blood monocytes and tumour macrophages is under immunological control. The presence of T cells, albeit in low numbers, within the FS6 tumour mass, may be relevant to the mechanism determining the level of macrophages found associated with tumours, especially if it can be demonstrated that they show an affinity for the FS6 neo-39 plastic cells. Experiments along these lines are currently under way.
The conclusion from these experiments is that there is suggestive evidence that macrophages associated with the FS6 fibrosarcoma play a role in the initiation and maintenance of tumnour growth.
Depletion of macrophages by X-irradiation was associated with a delay in the appearance of tumours, and also in the continued growth of established tumours. Whether this circumstantial relationship in any way involves production of or stimulation of angiogenic factors is not known. Whether X-irradiation mediated its effect by inducing immunosuppression (measured in these experiments by abrogation of concomitant immunity and the response to SRBC) or simply by inducing a monocytopenia cannot be answered from the above data, but it is likely that both are interrelated.
